In earlier experiments in our laboratory, a lectin from the Kintoki bean (Phaseolus vulgaris) was found to have not only erythrocyte agglutinating activity but also toxicities for mice and rats, including growth inhibitory activity and even lethal activity. A number of studies on legume lectins have been carried out in other laboratories as well. But relatively little attention has been paid to lectins from non-leguminous foods. In the present study, we chose Taro tuber as a source of non-leguminous lectins and prepared two types of Taro tuber lectin. One was crude lectin precipitated with ammonium sulfate from the aqueous extract and the other was pure lectin isolated as we described previously. The two were compared with regards to the antinutritional functions in mice. The daily doses were 100mg for either intact or autoclaved crude lectin, which was a maximum amount available to give to mice in 1ml, and 30mg for the pure lectin which was equivalent to 100mg of the crude lectin in hemagglutinating activity. Control mice were given 1ml of water and the experiment was conducted for 6days. Growth retardation was found in the mice given either lectin, but no significant difference was found in the weight increase between the control group and the auto claved lectin group. For 3days during the experimental period, physical activity was measured as an index of vigor of mice. The activities of the crude lectin and the pure lectin groups leveled down to 62.9 and 64.2% of that of the control group, respectively. No apparent difference was observed in the tissue weights among the groups at the end of the experiment. Protein efficient ratio (PER) values indicated worse effi ciency of protein utilization in the lectin groups. Enzyme activities of 277
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Summary
In earlier experiments in our laboratory, a lectin from the Kintoki bean (Phaseolus vulgaris) was found to have not only erythrocyte agglutinating activity but also toxicities for mice and rats, including growth inhibitory activity and even lethal activity. A number of studies on legume lectins have been carried out in other laboratories as well. But relatively little attention has been paid to lectins from non-leguminous foods. In the present study, we chose Taro tuber as a source of non-leguminous lectins and prepared two types of Taro tuber lectin. One was crude lectin precipitated with ammonium sulfate from the aqueous extract and the other was pure lectin isolated as we described previously. The two were compared with regards to the antinutritional functions in mice. The daily doses were 100mg for either intact or autoclaved crude lectin, which was a maximum amount available to give to mice in 1ml, and 30mg for the pure lectin which was equivalent to 100mg of the crude lectin in hemagglutinating activity. Control mice were given 1ml of water and the experiment was conducted for 6days. Growth retardation was found in the mice given either lectin, but no significant difference was found in the weight increase between the control group and the auto claved lectin group. For 3days during the experimental period, physical activity was measured as an index of vigor of mice. The activities of the crude lectin and the pure lectin groups leveled down to 62.9 and 64.2% of that of the control group, respectively. No apparent difference was observed in the tissue weights among the groups at the end of the experiment. Protein efficient ratio (PER) values indicated worse effi ciency of protein utilization in the lectin groups. Many foods are known to contain specific carbohydrate-binding proteins called lectin (1) . It occurs in a wide variety of plants, in bacteria and other microorganisms, and in invertebrates and vertebrates. This fact means that we daily ingest various types of lectin probably in larger amounts than estimated hitherto. Some of these lectins have been purified and characterized in detail (2, 3) .
The proteins of lectin have potent biological effects mediated via high-affinity binding to specific carbohydrate residues on the surface of cells. They initiate a number of activities on cells, such as blood-cell agglutination, tuber-cell agglutina tion, stimulation of lymphocyte proliferation, etc. (4) . From the viewpoints of nutritional science and food chemistry, lectin in general has been characterized as a component of foods which causes severe damages to the digestive tract (5), leading to growth retardation (6) and even death for experimental animals (7) .
In our laboratory, we have directed much attention to a lectin contained in the Kintoki bean (Phaseolus vulgaris) and have confirmed that the purified lectin of Kintoki beans impaired the growth of mice to an extent directly proportional to its dose (8) . It was also suggested that Kintoki bean lectin was chiefly responsible for the observed toxicity. Early death of weanling rats was observed when they were fed diets prepared with soy beans, field beans, or winged beans (9) . Most of the bean lectins, however, lose their toxicities on heat treatment and thereby pose no practical danger to human beings who take cooked beans. But some lectins of other origins are relatively resistant to heat treatment. Taro tuber lectin can be classified into the latter (10). Therefore, it seems important to examine the nutritional properties of Taro tuber lectin apart from legume lectins.
We previously reported that Taro tuber contains a lectin toxic to mice when injected intraperitoneally and we characterized its chemical and physical properties (10, 11) . In this study, we examined the oral toxic effects of Taro tuber lectin on mice by analyzing the relationships among changes, due to lectin intake, in body weight, food consumption, physical activity, tissue weight, and villus enzyme activity in the small intestine.
MATERIALS AND METHODS
Taro tuber (Colocasia antiquorum) was purchased at a market in Nara. The (Table 1) . Statistical differences were found in the growth rate, food intake, and PER between the control and the intact lectin groups. In view of the growth retardation of the experimental mice, Taro tuber lectin seems to have some antinutritional function when it is given directly into the stomach. There was no clear difference in the degree of toxicity between the crude and pure lectins as long as the amount administered was maintained as in the present experiment. Judging from the fact that the pure lectin used in this study was three times stronger in HA than the crude lectin as mentioned above, it seems reasonable that the oral toxic effects of 100mg of the crude lectin and 30mg of the pure lectin should be equivalent to each other as shown in Table 1 . Figure 1 shows apparent differences in the physical activities between the control and experimental mice. The physical activities are expressed at 2-h intervals as average counts of 3-day measurement. The percent of each 2-h count to the total count of the control group, which was taken as 100%, was plotted on the graph. The total physical activities, in terms of the total daily counts, of the two experimental groups fall off to 62.9 and 64.3% of that of the control group in the order of the crude lectin and pure lectin groups, respectively. There is no evident difference in activity between the crude and pure lectin groups. Table 1 summarizes the toxic effects of Taro tuber lectin on body weight change, food intake, physical activity, and PER. In contrast to the control mice, the experimental mice showed slower growth rates and had neither sufficient food intake nor physical activity. PER was also considerably lowered in the experi mental groups. The apparent syndromes visually observed in the experimental mice were a bad coat of hair and greatly reduced motion. In the paper describing the toxicity to rats orally given a kidney bean lectin, Pusztai et al. reported that a small but significant amount of the lectin possibly penetrated into the blood stream and revealed a direct toxic action on erythrocytes, leading to poor supply of oxygen to the whole body (7) . From this point of view concerning the appearance of the toxicity of lectin, the reduction in the physical activity observed in the present experimental mice can be easily understood. Table 2 shows the tissue weights per 100g body weight of the control and experimental mice. When the crude or pure lectin was orally administered, no such changes were observed as expanded spleen, congestion, and color changes in tissues, which are usually found in the case of intraperitoneal injection of lectins. There were also no obvious differences in the tissue weight. Only the weight of spleen slightly decreased in the experimental groups.
Moon described that intestinal villus cells have digestive and absorptive functions (20) . It was reported that a winged bean diet lowered intestinal sucrase activity and a raw field bean diet accelerated guanidinoacetate methyltransferase activity and thereby the protein catabolism in the liver (21, 22) . Deren et al. reported that the activities of intestinal sucrase and LAPse in rats responded to variation in dietary contents (23) . In this experiment, activities of three enzymes solubilized in the absence of EDTA were measured to check functional disturbance due to the presence of lectin in the brush border membrane. The results of the measurement of the three enzyme activities are shown in Table 3 . The enzyme activities are expressed in terms of micromoles of substrate split in 1min by either 1mg protein or 15cm segment of mouse small intestine. The enzyme activities per both mg protein and 15cm segment of the experimental mice were generally lower than those of the control mice regardless of the type of enzyme. The specific activities of alkaline phosphatase, sucrase, and LAPse were 69.1, 70.7, and 74.2% in the 0-15cm intestine, and 69.4, 69.8, and 83.0% in the 15-30cm intestine of the mice of the crude lectin group, respectively, compared with those of the control group. They were 77.6, 95.7, and 76.1%, and 88.6, 95.8, and 90.7%, respectively, in the pure lectin group. There were statistically significant differences between the control and experimental groups in the total activity of alkaline phosphatase but not in the total activities of sucrase and LAPse.
In the present study, most of the activities of these three enzymes were recovered in the supernatant solutions of intesine homogenates in which brush border membranes were considered to have been disintegrated into microsome-like particles as described by Miller and Crane (14) . Therefore, the activities in the solubilized fractions are considered to represent tendencies in activity of these enzymes in the intestine, although it seems preferable to compare whole activities including the residual activity in the sediments. Significant decreases in the activity of sucrase, alkaline phosphatase, and LAPse in the small intestine were also reported in the rats fed for 4days on a diet containing 30% raw winged bean (21). Higuchi et al. reported that HA was detected in the intestinal mucosa and feces of the rats which had ingested winged bean lectin resistant to digestive enzymes (24) . The reason for the smaller extent of enzyme inhibition by Taro tuber lectin seems to lie in the fact that Taro tuber lectin is more susceptible to proteases in the digestive organs than legume lectins as reported previously (10) . The antinutritional effects of orally ingested Taro tuber lectin were observed in the present experiment as the reductions in the body weight, food intake, PER, physical activity, and intestinal enzyme activities. Although the discrete mode of the toxic action of the lectin is not completely understood at present, it is considered that inhibition of nutrient absorption is surely brought about as a result of the decline in the intestinal enzyme activity. From these results, we concluded that the lectin present in Taro tuber is a major factor in the toxicity found on ingestion of Taro tuber, although the toxicity is not so high as that of bean lectins. Our previous study indicated that most of the hamagglutinating activity in Taro tuber heated at 100 
